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1 .A fused quartz article, said fused quartz article comprising: 

a) a body, said body comprising fused quartz; aj: 

b) a coating disposed on an exposed suffece of said body, said coating 
comfD^sing a plurality of metalcafions, each having a valence of less than 4, 

said plurality of m^tal cations comprises cations of at least one of an 
i metal, an alkajifie earth metal, a rare earth metal, and combinations 
hereof, where^rfsaid plurality of metal cations is present within said coating in 
a concentration of at least about 0.1 atomic percent, and wherein fused quartz 
withip^aid body undergoes a transition to a cristobalite crystal structure at a 
tefnperature in a range from about 1 000 ° C to about 1 600 ° C. 



2. The fused quartz artiafe accordjngjgXlamHlTwhferein said tused quartz 
article is tr^ns^areTifWviBible light. 

3. The fused quartz article according to Claim 1 , wherein said fu^ecTquartz 
article is one of a furnace tjeroe and a crucible. 



[c4] 



3 

U [c5] 



[c6] 



4.The fused quarte^ncle according to C\a\mA\ wherein said fused quartz 
article is substantially chemically inert with respect to halide gases and acids. 

fused efuartz article accorfHng to Claim 1 , wherein said fused quartz 
article haya melting temperature of at least that of cristobalite. 

6.The /used quartz artjde according to Claim 1 , wherein said coating has a 
thicl/ness from aboi/t 50 nm to about 5 microns. 



7.yfhe fused quartz article according to Claim 6, wherein said coating has a 
thickness frorn about 500 nm to about 5 microns. 



[c8] 



[c9] 



The fused quartz article according to Claim 7, wherein said coating has a 
thickness from about 2 microns to about 5 microns. 

vXne fused quartz article according to Claim 1, wherein said plurality of cations 
comprises cations of at least one of barium, calcium, strontium, and 
ibinations thereof. 
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1 0.The fused quartz article according to Claim 1 , wherein said at le^st dne 
metal cation is present within said coating in a concentratioj>ofat least about 
0.5 atomic percent. 

1 1 .The fused quartz article according to CJ^ifn 1 0, wherein said at least one 
metal cation is present within said cpdfing in a concentration from about 4 
percent to about 1 0 atojtffc percent. 

An outer coating for^fused quartz article, said outer coating comprising a 
lurality of metal cottons, wherein said plurality of metal cations comprises 
cations of at \epst one of barium, calcium, strontium, and combinations thereof, 
and wherein said plurality of metal cations is present within said coating in a 
concentration of at least about 0.1 atomic percent, and wherein said plurality of 
ns catalyzes a transition of fused quartz within said fused quartz article to 
cristobalite crystal structure at a temperature in a range from about 1 000 ° C 
to about 1 600 8 C. 



r 1 3.The outer coating 3icc^l^h^e^njr\' 1 2, wherein sai d outer ludl i ny \ T 
transpjxenrfovisible ligtft. 

14.The outer coating according to Claim 1 2, wherein said qyttffcoating has a 
thickness from 50 nm to about 5 microns. 

1 5.The outer coatnrfg according to Claim 1 4^Wherein said outer coating has a 
thickness fj#fj?5 00 nm to about 5 mipr^ns. 

l^The omer coating according^to Claim 1 5, wherein said outer coating has a 
thickn/ss from about 2 rmerons to about 5 microns. 

1 7JThe outer coating^ccording to Claim 1 2, wherein said at least one metal 
cation is present/^ithin said coating in a concentration of at least about 0.5 
atomic percet 



tcl 8] 



1 8.The adter coating according to Claim 1 7, wherein said least plurality of 
metal cations is present within said outer coating in a concentration of from 
about 4 atomic percent to about 1 0 atomic percent 
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19. A fused quartz article, said fused quartz article comprising 

a) a body, said body comprising fused quartz; and 

b) an outer coating disposed lop^sfn exposed surfaced said body, said outer 
coating comprising apkfratlty of metal cationsywherein said plurality of metal 
cations compri^eScations of at least one oLoarium, calcium, strontium, and 
combinj^ns thereof, wherein said plurality of metal cations is present within 

coating in a/oncentration of at l^ast about 0.1 atomic percent, wherein 
said plurality or cations catalyzes ^transition of fused quartz within said body 
to a cristobafite crystal structured a temperature a temperature in a range from 
about 1 000 ° C to about 1 600/° C, and wherein said fused quartz article is 
transparent to visible light., 

20. The fused quartz article according to Claim 1 9, wherein said fused quartz 
article is one of a furna/e tube and a crucible. 



LH [c21] 



m [c22] 
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21/The fused quartz Article according to Claim 1 9, wherein said fused quartz 
article is substantially chemically inert with respect to halide gases and acids. 

2.The fused quartz article according to Claim 1 9, wherein said fused quartz 
article has a meking temperature of at least that of cristobalite. 

23. The fused Quartz article according to Claim 1 9, wherein said outer coating 
has a thickness from about 50 nm to about 5 microns. 

24. Yhe fused quartz article according to Claim 23, wherein said outer coating 
has a thickness from about 500 nm to about 5 microns. 

25. The fiuSed quartz article according to Claim 24, wherein said outer coating 
has a thickness from about 2 microns to about 5 microns. 

26. The fused quartz article according to Claim 1 9, wherein said at least one 
metay cation is present within said coating in a concentration of at least about 

.5 atomic percent. 



[c27] 



\7.fhe fused quartz article according to Claim 26, wherein said wherein said 
plurality of metal cations is present within said outer coating in a concentration 
from about 4 atomic percent to about 10 atomic percent. 
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28. A method of forming a doped coating in an exposed surface of a fused 
quartz article, the fused quartz article comprising a body comprising fused 
quartz and a coating disposed on an exposed surface of the body, the doped 
coating comprising a plurality of meta/ cations, each having a valence of less 
than 4, wherein the plurality of metal/cations comprises cations of at least one 
of an alkali metal, an alkaline earth metal, a rare earth metal, and combinations 
thereof, wherein the plurality of metal cations is present within the doped 
coating in a concentration of at le^st about 0.1 atomic percent, the method 
comprising the steps of: 

a) providing a silica slurry, the sil/ca slurry being doped with a plurality of metal 
cations comprising cations of a/ least one of an alkali metal, an alkaline earth 
metal, a rare earth metal, and Combinations thereof; 

b) providing a fused quartz article; 

c) applying the silica slurry td an exposed surface of the fused quartz article; 

d) drying the silica slurry orythe exposed surface; and 

e) fire polishing the exposed surface to form the doped coating on the exposed 
surface. 

29. The method accordi/ig to Claim 28, wherein the step of providing a silica 
slurry comprises providing a silica slurry doped with a plurality of metal cations, 
wherein the metal cajfions are selected from the group consisting of barium 
ions, calcium ior^, ^fritf strontium ions. 



[c30] 



[c31] 



30. The method actocding to Claim 29, wherein the step of providing a silica 
slurry doped \^itlva^krra^^ cations comprises providing a silica slurry 
doped with a plurality of bariujm ions. 

A \ 

31. The method according-*© Claim 29, wherein the plurality of metal cations 
ions is present in m$ silica slurry in a concentration range from about 1 3 ppm 
to about 2000 ppm. 



[c32] 



32.The met/hod according to Claim 31 , wherein the plurality of metal cations 
ions is present in the silica slurry in a concentration range from about 800 ppm 
to about^OOO ppm. 
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[c33] 33.The method according to Claim 28, wherein the step of applying the silica 

slurry to an exposed surface of the fused quartz article comprises spraying the 
silica slurry onto an exposed surface of the fused quartz article. 

[c34] / 34.The method according to Claim 28, wherein the step of applying the silica 

slurry to an exposed surface of the fu/ed quartz article comprises painting the 
silica slurry onto the exposed surface of the fused quartz article. 
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35.The method according to Claim 28, wherein the step of applying the silica 
slurry to an exposed surface of the fused quartz article comprises dipping the 
fused silica article into a bath containing the silica slurry. 



/ 



36.The method according tyClaim 28, further including the step of preheating 
the fused quartz article to a temperature in the range from about 50 ° C to 
about 70 ° C prior to applying the silica slurry to the exposed surface of the 
fused quartz article. 

3^.The method according to Claim 28, wherein the doped coating has a 
thickness from abouy 50 nm to about 5 microns. 

38.The method according to Claim 37, wherein the doped coating has a 
thickness from about 500 nm to about 5 microns. 



39.The met 
has a thickn 



/ 




d ^according to according to Claim 38, wherein the doped coating 
frbqi about 2 microns to about 5 microns. 



40. The method according to Claim 28, wherein the plurality of metal cations is 
present witljfin the/doped coating in a concentration of at least about 0.5 atomic 
percent. 

41. The rtfeth&d according to Claim 40, wherein the plurality of metal cations is 
presentArvithin the doped coating in a concentration from about 4 atomic 
percenr to about 10 atomic percent. 

42. ymethod of improving the creep-resistance of a fused quartz article, the 
fused quartz article comprising a body comprising fused quartz and a coating 
d/sposed on an exposed surface of the body, the coating comprising a plurality 
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of metal cations, each having a valence of less than 4, wherein the plurality of 
metal cations comprises cations of at least one of an alkali metal, an alkaline 
earth metal, a rare earth metal, and combinations thereof, wherein the plurality 
of at least one metal cation is present within the coating in a concentration of at 
least about 0.1 atomic percent, and wherein the body undergoes a transition to 
a cristobalite crystal structure at a temperature in a range from about 1 000 ° C 
to about 1 600 ° C, the method/comprising the steps of: 

a) providing a silica slurry, ther silica slurry being doped with a plurality of metal 
cations comprising cations of at least one of an alkali metal, an alkaline earth 
metal, a rare earth metal, and combinations thereof; 

b) providing a fused quartz article; 

c) applying the silica slurry to an exposed surface of the fused quartz article; 

d) drying the silica slurry/on the exposed surface; 

e) fire polishing Jh^ exposed surface, wherein the silica slurry, after drying forms 

exposed surface; and 

|z article and the doped coating to a temperature in a 
>,t)0 0 C l|o about 1 600 0 C, thereby nucleating cristobalite 
(fface, wherein the cristobalite crystals enhance the 
creep resistance of/tft^^sed quartz article. 

43.The method according to Claim 42, wherein the step of providing a silica 
slurry comprises/providing a silica slurry doped with a plurality of metal cations, 
wherein the metal cations are selected from the group consisting of barium 
ions, calcium ions, and strontium ions. 

'44/The methon according to Claim 43, wherein the step of providing a silica 
slurry doped with a plurality of metal cations comprises providing a silica slurry 
doped with a plurality of barium ions. 

45.The method according to Claim 42, wherein the plurality of metal cations is 
present in/the silica slurry in a concentration range from about 1 3 ppm to about 
2000 ppr 

46The method according to Claim 45, wherein the plurality of metal cations is 
present/in the silica slurry in a concentration range from about 800 ppm to 



a doped coating on\i 
f)heating the fused q 
range from aboutk 1 
crystals on the expo's 
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about 2000 ppm. 

[c47] 47.The method according to Claim 42, wherein the step of applying the silica 

slurry to an exposed surface of the fusecy quartz article comprises spraying the 
silica slurry onto an exposed surface ofythe fused quartz article. 

[c48] 48.The method according to Claim 42^ wherein the step of applying the silica 

♦ slurry to an exposed surface of the fused quartz article comprises painting the 
silica slurry onto the exposed surface of the fused quartz article. 

[c49] 4>9.The method according to Claiij 42, wherein the step of applying the silica 

slurry to an exposed surface of the fused quartz article comprises dipping the 
M fused silica article into a bath containing the silica slurry. 

a / 

Q / 

[c50] 50.The method according to Claim 42, further including the step of preheating 

UJ jhe fused quartz article to a temperature in the range from about 50 ° C to 

/ 

\J\ about 70 * C prior to applying the silica slurry to the exposed surface of the 

t* 

:;p= fused quartz article. 

is 

!jn [c51] 51 The method according to Claim 42, wherein the step of heating the fused 



-sea 



/ quartz article and the doped coating to a temperature in a range from about 

3 1 000 0 C to about 1 600 ° C comprises heating the fused quartz article and the 

11 / 

doped coating to aboit 1 350 ° C. 

[c52] yy 52The methodjaccording to Claim 42, wherein the doped coating has a 
thickness fror^ to about 5 microns. 

[c53] 53.The method according jo Claim 52, wherein the doped coating has a 

\hickness fromyEmout 506 nm to about 5 microns. 

[c54] • 54.The method according to according to Claim 53, wherein the doped coating 

has a thickness from about 2 microns to about 5 microns. 

[c55] ^ 55.The method according to Claim 42, wherein the plurality of metal cations is 

present w/thin the doped coating in a concentration of at least about 0.5 atomic 
percent. > 

t c56 ] > 56.The method according to Claim 55, wherein the plurality of metal cations is 
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present within the dopedfcoating in a concentration from about 4 atomic 
percent to about 1 0 atdjpib percent. 
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